Growth of Proteus mirabilis harboring R100-1 (fi+ drd strr cmlr tetr sulr) factors in Penassay broth containing sodium dodecyl sulfate (SDS) leads to the loss of all or part of the genetic elements in high frequencies. In media containing SDS at concentrations as low as 0.03%, both lysis of R+ cells and elimination of the R factors occur at high frequencies. Appearance of drug-susceptible cells in Rt cultures occurs during the exponential phase of growth; however, the frequencies of susceptible cells increase substantially after the culture reaches the stationary phase. Reconstruction experiments, coupled with other observations, suggest that the major factor in altering the frequency of drug-susceptible variants is the greater resistance of the variants to the lytic action of SDS. This resistance correlates in most cases with the loss of the transfer functions in the resistance transfer factor.
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An anionic surface-activating agent, sodium dodecyl sulfate (SDS), is a powerful agent for curing Escherichia coli K-12 strains from the infected state with drug resistance (R) or sex (F) factors (9, 16) . The agent is also effective in inducing the loss of penicillinase-producing plasmids from Staphylococcus aureus (13) . In E. coli, the major mechanism of the action of the agent is selection, namely, the agent is more toxic for R+ or F+ cells than R-or F-cells. The increased sensitivity of R+ or F+ cells to the agent can be ascribable to the presence of a number of sex pili, regardless of the presence of other filamentous appendages such as flagella or type I pili, on the surface of male bacteria. Bacteria with derepressed synthesis of sex pili, either F-like or I-like, therefore show higher sensitivity to the agent (1; M. Tai, F. Nojiri, M. Inuzuka, and M. Tomoeda, Abstr. Annu. Meet. Pharm. Soc. Japan, vol. 3, p. 124, 1973) . The specific role of sex pili in the action of SDS is further supported by the literature (12) .
Interesting facts are observed in the eliminatory action of SDS on the R or F factors in E. 108 cells/ml) of R100-1+ cells in Penassay broth containing 25 Ag of chloramphenicol per ml was diluted to about 10' cells/ml in broth containing, e.g., 0.05% (wt/vol) SDS and incubated with or without shaking at 37 C. Survivors were plated on EMBglucose-agar medium after appropriate dilutions in saline. Colonies on the plate were tested for their drug resistance characters by replica-plating onto EMBglucose-agar containing dihydrostreptomycin sulfate (10 Ag/ml), chloramphenicol (25 ug/ml), or tetracycline hydrochloride (50 ,g/ml), and on EM-glucoseagar with the necessary complement (nicotinic acid, 50 Ag/ml) containing sulfanilamide (400 jig/ml).
AO treatment was carried out analogously. Method of transfer of R factors was described previously (16) . RESULTS SDS treatment of an R100-1+ strain. KP2 as the R+ strain was incubated with SDS of various concentrations in Penassay broth at 37 C as long as 72 h with or without shaking by inoculating about 103 R+ cells per ml. At intervals, the optical density at 570 nm of each culture was measured, and viable counts of drug-resistant and drug-susceptible survivors were checked. Representative results are shown in Fig. 1 and 2, and in Table 2 . Data in Fig. 1 show that SDS at concentrations higher than 0.03% lysed R+ cells efficiently after the culture reached stationary phase. In the cultures with SDS at concentrations higher than 0.5%, substantial growth of R+ cells was not observed. The data in Table 2 and Fig. 2 show that isolation of drug-susceptible variants occurs at high frequencies with SDS at concentrations as low as 0.05%. It was also found that, as in the case with R+ cells in E. coli (16) , the longer the incubation time with SDS, the higher the frequencies of drug-susceptible isolates.
Patterns of variants susceptible to the four drugs are also shown in Table 2 . Most drug-susceptible cells had lost resistance to all four drugs tested. Segregants which had lost resistance only to tetracyline, or to three drugs other than tetracycline, were also isolated among survivors. Another experiment showed formation of susceptible cells which had lost resistance to streptomycin and sulfanilamide among survivors, although in much lower frequencies. Formation of auxotrophic mutants was rarely observed.
Drug susceptibility patterns characteristic of the susceptible cells thus obtained were stable after many generations. To prove the loss of R factors induced by SDS, drug-susceptible iso- lates which had lost all resistance markers were subjected to infection of R factors from E. coli KE89 R100-1+ as a donor. We had observed that transfer frequencies of R factors from KE89 R100-1+ cells to P. mirabilis R-cells including U510 R-were as low as about 10-4 to 10-'. Two drug-susceptible clones out of five tested could receive R factors from KE89 R100-1+ at frequencies of 1.4 x 10-2 and 5.6 x 10-3, respectively. Reinfection frequencies of R factors to the rest of the susceptible clones were found to be lower than 1 Reconstruction experiments between R+ andR-strains. To determine whether any selective toxicity of SDS for R+ and R-cells exists, reconstruction experiments were carried out on KP2 R100-1+/Gal+ and KP3 R-/Galh strains, using Penassay broth with or without 0.05% SDS and Gal as the distinguishing marker. The frequency of formation of drug-susceptible cells from R+ cells was also determined. Representative results are shown in Fig. 3 (Fig. 3a) . The maximum number of R+ cells was a little lower than that of R-cells in SDS culture. Then, after the cultures reached the stationary phase of growth, the viable count of R+ cells decreased far more rapidly than that of R-cells. This did not occur in the medium without SDS. Formation of drug-susceptible cells from R+ was already observed during the exponential phase in the SDS medium; however, the substantial increase of frequencies of these susceptible cells among survivors was observed after the culture reached stationary phase. Frequencies of drug-susceptible cells isolated after 12, 18, and 24 h were 14.5, 98.0, and 100%, respectively. Transfer of R factors from R100-1+/Gal+ to R-/Galh did not take place in the SDS medium; it was not checked in the medium without SDS.
Similar results were obtained by inoculating about 108 cells/ml of R+ cells harvested from an R+ culture in the stationary phase (Fig. 3b) . Frequencies of drug-susceptible cells isolated Overnight cultures (about 108 cells/ml) of R+ and R-strains were diluted 10-4 in Penassay broth with or without 0.05% SDS. Equal volumes of R+ (1.0 x 106 cells/ml) and R-(1.1 x 106'cells/ml) cultures were mixed and incubated at 37 C with shaking. Plating with appropriate dilutions at certain intervals was on EMB-galactose-agar. Two hundred Gal+ colonies were arbitrarily chosen to be streaked on EMB-galactoseagar, which served as a master plate. Colonies grown on the master plate were replica-plated onto EM-glucose-agar supplemented with certain amounts of streptomycin, chloramphenicol, tetracycline, and sulfanilamide, for examining the frequency of drug- (Fig. 1) . Furthermore, SDS at a concentration of 0.05% could lead to the isolation of drug-susceptible cells in high frequency (Fig. 2, Table 2 Infection experiments suggested that drugsusceptible cells showing susceptibility to all four drugs tested had lost R factors. It was interesting to note that two clones out of five of these R-isolates, when used as recipients in matings with E. coli R100-1+, were far more fertile than isogenic R-recipients that have never harbored the R factor. It was also shown that whereas tet" segregants had lost the tra locus responsible for the transfer of genetic elements as well, str8 cmls suls segregants had retained conjugal fertility (tra+). The observed patterns and natures of segregants formed after the SDS treatment may be well understood by the previous observations that the determinants of resistance to streptomycin, chloramphenicol, and sulfanilamide are closely linked to each other and readily separate from the tetracycline-resistant determinant linked to tra genes (6-8, 17, 18) . Also important is that, in P. mirabilis, R factors such as Rl, R6, and R222 (R100), normally present as a single molecular species in E. coli, tend to dissociate into two circular molecular subspecies (3;, 4, 10) , which may be the resistance transfer factor (RTF)-tet genes and the remaining drug resistance genes, respectively ( 11) . We have reported such co-segregation of tet and tra loci induced by the action of SDS in Escherichia (6) .
Reconstruction experiments between KP2 R100-1 +/Gal+ and KP3 R-/Gal-on the elimination by SDS of R factors from R+ cells using 0.05% SDS-broth (Fig. 3) (20) , gave R-cells more exclusively. We might add that R segregants we isolated might be useful for further study on the molecular structure of R plasmids in Proteus (2).
